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Abstract

Background: Omega-3 fatty acid supplements are widely used for cardiovascular (CV) prevention. However, a
prominent report proposed that total and high-grade prostate cancer (PrCA) risk increased with increasing levels of
docosahexaenoic acid (DHA) and trended to with eicosapentaenoic acid (EPA).

Objective: Given public health implications, we prospectively tested this finding in the INSPIRE Registry.

Methods: Plasma samples from men enrolled in the INSPIRE Registry who developed incident PrCA during

follow-up were selected and matched ~2:1 with men of similar age and entry date who were free of PrCA
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throughout follow-up. Plasma lipid fractions were analyzed by rapid throughput liquid chromatography-mass

spectrometry. Omega-3 levels in the 2 groups were compared.

Results: We identified samples from 87 men (age: 67.3 +/- 8.6 y) who developed PrCA (at 4.7 +/- 3.7 y) and
matched them to 149 samples from control men (age: 66.2 +/- 8.6 y); follow-up averaged 10.1 +/- 3.8 y and 13.5 +/-
3.7 vy, respectively. Entry levels of both EPA (p=0.012) and DHA (p=0.047) were significantly lower in PrCA
patients than in controls. Levels also distinguished high-grade but not fatal PrCA.

Conclusions: PrCA risk did not rise with increasing EPA and DHA levels; rather, findings suggest protective
potential. These results are in keeping with the cancer safety of omega-3 supplements in recent randomized trials.
However, our results go beyond supplementation to directly address the relationship of PrCA risk with circulating
omega-3 levels, and they imply that supplementation may be based on potential CV benefits apart from concerns for
PrCA risk.
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1. Introduction

The promotion of long-chain -3 polyunsaturated fatty acid (PUFA) (commonly, omega-3 fatty acid) intake for
cardiovascular (CV) prevention [1, 2] has enjoyed widespread and long-held popularity and endorsement both in the
form of dietary fish [3] and nutritional supplements. However, controversy remains as to the most effective
formulations and doses and also as to the impact on cancer risk [4-7]. Prostate cancer (PrCA) is the most common
cancer occurring in men, accounting for almost 1 in 5 new male cancer diagnoses in the United States, where an

estimated 165,000 new cases and 29,000 deaths due to prostate cancer occur annually [8].

In contrast to the expectation of general health benefits from dietary and supplemental omega-3 fatty acids, a
prominent analysis of the SELECT trial reported that plasma levels of long-chain fatty acids correlated positively
with the development of prostate cancer [9, 10]. Countering the concerns of an association of omega-3 levels and
prostate cancer risk is a notable body of evidence reporting increased fish and fish oil consumption to be protective
against prostate cancer [4, 11-14]. Given these ongoing and unresolved public health questions and concerns about
potential risks versus benefits of increasing consumption of omega-3 fatty acids, we undertook to prospectively test
the association of plasma EPA and DHA concentrations with incident prostate cancer in men enrolled and sampled

in the Intermountain Healthcare INSPIRE Registry.

2. Material and Methods
2.1 Study objectives, design and endpoints
The primary objective of this study was to compare plasma concentrations of EPA and DHA in men who

subsequently developed prostate cancer to those in matched controls who didn’t throughout long-term follow-up.
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This case-control study prospectively tested whether men developing prostate cancer would have higher levels of
EPA and DHA at baseline in samples previously collected for the INSPIRE Registry [10]. Our null hypothesis was
that EPA and DHA levels are not related to increased prostate cancer risk. Secondary objectives were: 1) to compare
docosapentaenoic acid (DPA) and total omega-3 fatty acids (DHA + DPA + EPA) by PrCA group, and 2) to
compare plasma concentrations for PrCA that (a) were high grade and (b) that proved fatal within 5 years to that of
their matched, non-PrCA controls. (All-cause death was used because we did not have access in all fatal cases to

cause-specific death information, i.e., for fatal prostate cancer).

2.2 Study subjects

Subjects were selected from the Intermountain Heart Institute’s INSPIRE Registry (formerly, the Intermountain
Heart Collaborative Study) [15, 16]. INSPIRE Registry subjects are adults who presented to the catheterization
laboratories of LDS Hospital or Intermountain Medical Center for clinical determination of the presence and extent
of coronary artery disease (CAD) by coronary angiography and who provided written informed consent for blood

sampling and clinical follow-up for inclusion in cardiovascular research studies.

For this study, the INSPIRE Registry was searched for all patients who, during long-term follow-up, developed
prostate cancer, as identified by ICD-9/10 diagnostic codes. These patients then were matched ~2:1 to a randomly
selected cohort of men of similar age, entry date and as long or longer follow-up days, but who were free of prostate
cancer during long-term follow-up. While we attempted to match each case to 2 controls, a few lacked a second
control match, and for others plasma sample testing failed quality control, resulting in an average of 1.7 controls to
each case. This INSPIRE Registry study complied with the Declaration of Helsinki and was approved by the

Intermountain Healthcare Institutional Review Board with a waiver of consent for the present analysis.

2.3 Plasma fatty acid sampling, storage, and measurement

At the entry healthcare encounter, fasting blood was obtained, placed on ice, and transferred to the Intermountain
Molecular Biology Laboratory, where plasma was separated and stored at -20 degrees C until analysis.
Determinations of DHA, EPA, and DPA were performed at the University of San Diego’s metabolomics laboratory.
Plasma lipid fractions were analyzed by rapid throughput liquid chromatography-mass spectrometry (LC-MS) and
measured in arbitrary spectral units (ASU) as previously described [17]. In order to provide a reference to plasma
concentrations for fatty acids, 100 samples, randomly selected from our plasma bank with ASU results, were
analyzed for EPA and DHA by Boston Heart Diagnostics. Using these results, the following conversion equation
was generated for EPA: EPA concentration (mcg/ml) = 1.642 + 0.8154 x ASU (x 107), yielding an average EPA
concentration in our case and control cohorts of 21.52 and 27.07 mcg/ml, respectively. For DHA, the conversion
equation was: -12.560 + 2.598 x ASU (x 10”), which yielded average concentrations in cases and controls of 49.13
and 55.03 mcg/ml, respectively. All analyses were done using the ASU for comparisons both as continuous

variables and categorized as quartiles.
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2.4 Statistical considerations

Continuous variables are summarized as means * standard deviations for normally distributed variables and as
medians with interquartile ranges for non-normally distributed ones. Discrete variables are summarized as
frequencies. Fatty acid levels in the 2 groups were compared by the Wilcoxon rank sum test. Other comparisons
used t-tests and chi-square analysis as appropriate for continuous outcomes and logistic regression for cancer
outcomes. Multivariable analyses were done adjusting for baseline differences. Analyses were performed in R
(version 4.0.3). Two-tailed p-values are presented, with 2-sided p<0.05 designated as significant for the primary

comparisons.

3. Results

3.1 Characteristics of case and control subjects

Plasma samples from 87 men (age: 67.3 +/- 8.6 y) were identified in the INSPIRE Registry database who developed
PrCA during long-term follow-up (at 4.6 +/- 3.7 y). These were matched to 149 samples from control men who did
not. Characteristics of cases and controls are compared in Table 1 and were similar except for a history of
hyperlipidemia. Race was predominantly European/Caucasian in both groups (>95%). Over one-fifth in both groups

were smokers. Follow-up averaged 10.1 years in prostate cancer cases and 13.5 years in controls.

3.2 Plasma omega-3 concentrations in cases and controls

Entry plasma concentrations of DHA, DPA, and EPA for cases and control subjects are shown in Table 2 and Figure
1. Concentrations of both EPA (p=0.012) and DHA (p=0.047) were significantly lower in PrCA patients than in age-
and entry-matched control men and trended lower with DPA (p=0.070). The odds ratios and 95% confidence
intervals for developing prostate cancer, comparing highest versus lowest quartile of omega-3 concentrations, are
shown in Table 3 and Figure 2 and demonstrated that for DHA (p = 0.016), EPA (p = 0.047), and total omega-3
concentrations (p = 0.002), those in the highest quartile had significantly lower risk of developing prostate cancer
relative to those in the lowest quartile, and risk trended to be lower for DPA (p = 0.120). Full adjustment, including
for hypertension, hyperlipidemia, diabetes, BMI, and obstructive coronary artery disease (present/absent) did not
appreciably change the odds ratios for DHA, EPA, or DPA (Table 3, Figure 2).

3.3 Total omega-3 concentrations by prostate cancer status

Total omega-3 levels, defined as the sum of DHA, DPA, and EPA concentrations, are compared by incident prostate
cancer status in Table 3 and Figure 2. Results showed that higher total omega-3 levels were significantly associated
with reduced PrCA risk. The adjusted model found the odds of having PrCA to be 0.26 (95% CI: 0.10, 0.62) for

those in the highest quartile of omega-3 compared to the lowest quartile.
3.4 Plasma omega-3 and prostate cancer grade and mortality

Table 4 presents results of omega-3 concentrations by PrCA grade (A) and fatality (5-year mortality) (B). Results
showed that all 3 omega-3 analyte and total omega-3 concentrations were significantly lower in individuals with

Cardiology and Cardiovascular Medicine Vol. 6 No. 2 — April 2022. [ISSN 2572-9292] 209



Cardiol Cardiovasc Med 2022; 6 (2): 206-216

DOI: 10.26502/fccm 92920256

high grade cancer versus their matched controls. Omega-3 concentrations in those with fatality were not

significantly different than their matched controls.

Characteristic Prostate Cancer Cases | Controls P-value
N 87 149
Age, years (mean +/- SD) 67.3 +/- 8.6 66.2 +/- 8.6 0.32
Race (N, % Caucasian) 83 (95.4) 143 (96.0) 1.00
Current/former smokers (N, %) 17 (19.5) 35 (23.5) 0.59
BMI (mean +/- SD) 30.1 +/- 16.7 28.5+/-5.0 0.38
History of Hypertension (N, %) 78 (89.7) 122 (81.9) 0.16
History of Hyperlipidemia (N, %) 64 (73.6) 68 (45.6) <0.001
History of Diabetes (N, %) 25 (28.7) 33 (22.1) 0.33
CAD Status (N, %) 49 (56.3) 95 (63.8) 0.32
Years of follow-up (mean +/- SD) 10.1 +/- 3.8 13.5 +/- 3.7 <0.001
Years to PrCA diagnosis (mean +/- SD) 4.7 +/-3.7 -- --
Table 1: Characteristics of Prostate Cancer Incident Cases and Controls.
DHA:?
Group Min. Q1 Median Mean Q3 Max.
Cases 13.19 19.29 23.09 23.74 26.54 50.28
Controls 12.73 19.83 24.42 26.02 32.68 50.15
DPA:
Group Min. Q1 Median Mean Q3 Max.
Cases 2.73 4.60 5.94 5.99 7.32 11.73
Controls 2.10 4.86 6.24 6.66 7.97 13.99
EPA:P
Group Min. Q1 Median Mean Q3 Max
Cases 5.45 15.93 21.61 24.38 31.57 77.81
Controls 451 16.98 26.77 31.18 41.06 103.61

2P Includes acid and acetate of DHA and EPA, respectively. Results in arbitrary spectral units x 107

Table 2: Baseline (entry) concentrations of DHA and EPA in PrCA cases and controls.
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Figure 1: Comparative omega-3 plasma concentrations by prostate cancer status (medians), in arbitrary spectral

units x 10™.
] Unadjusted Adjusted
Omega-3 metabolite
Odds Ratio 95% CI Odds Ratio 95% ClI

DHA 0.36 [0.15, 0.81] 0.34 [0.14, 0.82]
DPA 0.54 [0.24,1.17] 0.53 [0.23, 1.19]
EPA 0.44 [0.19, 0.98] 0.42 [0.18, 0.98]
Total Omega-3 0.26 [0.11, 0.59] 0.26 [0.10, 0.62]

Table 3: Unadjusted and fully adjusted hazard ratios and 95% confidence intervals for developing prostate cancer,

comparing highest versus lowest quartile of omega-3 concentrations.

0.14 0.34 0.82
DHA } = |
0.23 0.53 1.19
DPA } - |
0.18 0.42 0.98
EPA } e {

0.1 0.26 0.62
Total Omega-3 |l g :

*Age, entry date and follow-up time-matched case and control cohorts were further adjusted for smoking, race,

hypertension, hyperlipidemia, diabetes, body mass index (BMI), coronary artery disease status.

Figure 2: Fully adjusted* odds ratios and 95% confidence intervals for developing prostate cancer,

comparing highest versus lowest quartile of omega-3 concentrations.
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Omega-3 High-grade PrCA Controls P-value
N 26 42

DHA 23.63 +/-7.29 27.81 +/-9.25 0.046
DPA 5.57 +/-1.82 7.04 +/-2.44 0.02
EPA 22.09 +/- 10.60 33.67 +/- 18.50 0.005
Total 51.29 +/- 18.96 68.52 +/- 28.14 0.006
Omega-3 Fatal Cases Controls P-value
N 17 28

DHA 24.14 +/- 4.34 25.67 +/- 8.17 0.668
DPA 5.49 +/- 1.76 6.26 +/- 2.51 0.39
EPA 22.33 +/-9.70 29.30 +/- 17.72 0.259
Total 52.03 +/- 15.00 61.89 +/- 26.38 0.363

*All-cause mortality within 5 years. Results in arbitrary spectral units x 107 Cases for High-grade PrCA are those cases that had
a cancer grade of 3 or 4. Controls are the matched controls for those cases. Notably, only 43 cases (out of 87) had a value for

cancer grade. Controls for fatality in PrCA cases are the matched controls for those cases.

Table 4: Plasma omega-3 concentrations in high-grade PrCA and fatal* cases versus their controls.

4. Discussion

4.1 Summary of study findings

Use of high throughput liquid chromatography-mass spectroscopy is increasingly being used as a method to explore
in a targeted or non-targeted fashion the relationship of a multitude of metabolites, including lipid metabolites, to
physiologic and disease processes [18, 19]. Using this method, our prospective test of the reported positive
association of EPA and DHA plasma levels with PrCA incidence failed to confirm an adverse association. Rather,
our findings suggest a potential protective effect. Moreover, our results go beyond -3 PUFA supplementation to
directly address the impact on PrCA risk of circulating omega-3 levels themselves, irrespective of how they were

attained.

4.2 Literature comparisons and meta-analysis

Our findings are consistent with recent randomized trials of omega-3 supplementation (JELIS, VITAL, REDUCE-
IT), which did not note increased cancer or non-CV death risks with supplementation [5, 6, 20] although prostate
cancer was not specifically addressed. In contrast, an analysis of the SELECT trial reported that plasma levels of
long-chain m-3 PUFA correlated positively with the development of PrCA, i.e., both total and high-grade cancer risk
increased with increasing levels of DHA and trended to increase with EPA [10]. The authors supported their
findings in SELECT with a meta-analysis of earlier studies, consisting of their earlier trial [9] and 5 other smaller
studies [10]. In contrast to concerns of an association of omega-3 levels and PrCA risk is a body of evidence
supporting increased w-3 PUFA in fish and fish oil consumption as protective against PrCA [4, 11-14]. Further

complicating the association between omega-3 fatty acids and PrCA are the relationships among dietary sources
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(fish) versus oral supplements, oral intake versus plasma concentrations, plasma versus prostate tissue
concentrations, in vivo metabolic interconversions [4], and questions of associations versus causation. Differing
results of cross-sectional versus prospective trials and of associations with PrCA incidence versus stage versus
mortality also add uncertainty to a net benefit/risk assessment [4]. Our study adds reassurance that EPA and DHA do
not add substantial risk to prostate cancer and may be protective. Evidence for the impact of DPA is less conclusive;
however, with emerging evidence favoring EPA over mixed EPA and DHA supplements for cardiovascular

prevention, data for EPA become particularly relevant [6, 7, 20].

4.3 Mechanisms

A number of beneficial mechanisms of long-chain ®-3 PUFA on CV health have been proposed, including anti-
inflammatory, anti-thrombotic, membrane-stabilizing, and anti-arrhythmic effects [2, 4]. Although the true CV
benefit of standard omega-3 fatty acid supplements recently has been called into question [5, 7], it remains
mechanistically unclear why long-chain ©-3 PUFA should increase the risk of prostate cancer. Nevertheless, the
reported findings of the SELECT and earlier trials have invited mechanistic considerations. Why the adverse effect
should be relatively specific to PrCA among other cancers also is unclear. However, the biology of nutritional
supplements is complex, and clinical outcomes are unpredictable and require direct investigation. Recent trials [6, 7,
20] and basic research have suggested potential differential pathophysiological effects of EPA and DHA based on
their contrasting plasma membrane effects [21]: EPA preserves membrane structure and cholesterol distribution and
inhibits lipid oxidation and cholesterol crystal formation, impacting signal transduction for inflammation and
vasodilation. In contrast, DHA, which is concentrated in brain and retina, increases membrane fluidity, disorders
lipid structure, and reduces antioxidant effects. In this regard, the SELECT trial results did not find significant
correlations between plasma EPA and either low-grade or high-grade PrCA, whereas DHA was linked to high-grade
but not low-grade PrCA risk. However, our data do not support an adverse effect on PrCA incidence and grade of
either EPA or DHA, with both showing preventive potential (Figure 2). Therefore, additional clinical trials and basic
research will be needed to determine (patho)physiological mechanisms specifically related to -3 PUFA and

prostate health and disease.

4.4 Implications

These results suggest that supplementation of long-chain ®-3 PUFA may be based on their potential CV benefits
apart from concerns for PrCA risk. Given recent trial evidence arguing against an important CV protective effect of
mixed omega-3 fatty acids, e.g., as fish oil supplements [5, 7], evidence for the safety and efficacy of EPA
specifically becomes of particular importance [6, 20]. Our study argues against withholding EPA supplementation

because of safety concerns for an increased risk of PrCA in men.
4.5 Limitations

Study limitations include those of observational studies, including the risk of uncontrolled confounding. This was

addressed by using a matched case-control design and further adjusting for relevant baseline demographics. Another
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limitation is its moderate sample size, limiting the power for subgroup analyses. Also, findings are limited to
subjects primarily of European (Caucasian) ancestry. We used ASU rather than plasma concentrations in our
analyses and presentation of results to preserve internal consistency. We did not have serial samples to account for
temporal changes in omega-3 fatty acids although these levels tend to be stable over time. Strengths include
prespecified hypothesis testing applied to a prospectively enrolled cohort of CV registry subjects with long-term
follow-up through comprehensive electronic medical records and entry plasma samples, which provide superior

ability over supplement trials and dietary questionnaires to ascertain circulating omega-3 analyte levels.

5. Conclusion

In this moderate-sized case-control study with long-term follow-up, we found that EPA and DHA levels were not
positively related to incident PrCA risk or severity; rather, findings suggested protective potential for EPA and
DHA. These results are consistent with recent randomized trials of omega-3 supplementation, which did not note
increased cancer or non-CV death risk. Our findings add to these by specifically addressing PrCA risk. Moreover,
results go beyond supplementation by directly addressing the impact on PrCA risk of circulating omega-3 levels
themselves, and they imply that supplementation can be based on potential CV benefits apart from concerns for
PrCA risk.
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